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• The hybrid-model (TFM-DEM) implemented in the code MFIX was employed:
o Dense and gas phases: Two-Fluid Model (TFM).
o Fuel particles: Discrete Element Method (DEM).
• The continuum phases with the fuel particles behavior is fully coupled (TFM-DEM) [1].
Momentum conservation equations for gas and solid phases (TFM):
[1] Hernández-Jiménez et al. 2015. Fully coupled TFM-DEM simulations to study the motion of fuel particles in a fluidized bed.
Chem. Eng. Sci. 134, 57-66..
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Friction term
• New friction term obtained experimentally [2] is introduced in the hybrid-model
on the continuum solid phase accounting for the effect of the front and back walls
of the bed [3].





[2] Hernández-Jiménez et al. 2013. Experimental quantification of the particle-wall frictional forces in pseudo-2D gas fluidised
beds. Chem. Eng. Sci. 102, 257-267.
[3] Hernández-Jiménez et al. 2016. Development of an empirical wall-friction model for 2D simulations of pseudo-2D bubbling
fluidized beds. Adv. Powder Technol. 27, 521-530.
F. Hernández-JiménezSimulation of fuel particles motion in a 2D bed 8
Simulation set-up
The simulations are carried out in a pseudo-2D bubbling fluidized bed:
• Two simulations are compared with
experimental results (EXP) reported in [4]:
₋ Without friction term (SIM).
₋ With friction term (SIM fric).
• Three identical fuel particles are simulated






[4] Soria-Verdugo et al. 2011. Buoyancy effects on objects moving in a bubbling fluidized bed. Chem. Eng. Sci. 134, 57-66.
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Simulation set-up
• Comparison between simulation without and with the wall friction term.
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Fuel particle location
Relative frequency of finding the fuel particle at a certain height.
• The height of the bed was discretized
in slices of 1 cm.
• The simulation with the friction
term improves the vertical location of
the fuel particle.
• Reasonable good agreement between
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Fuel particle behavior






• In a rising process, an object with
proper circulation in the whole bed
reaches the bed surface in a several
small “jumps” [5].
Number of jumps 
(N)
[5] Soria-Verdugo et al. 2011. Circulation of an object immersed in a bubbling fluidized bed. Chem. Eng. Sci. 66, 2833-2841.
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bed surface.
• The relative frequency of number of jumps
needed by a fuel particle to get the bed surface
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• The mean sinking velocity was
compared with the Kunni &
Levenspiel correlation for the dense
phase velocity [5].
[5] Soria-Verdugo et al. 2011. Circulation of an object immersed in a bubbling fluidized bed. Chem. Eng. Sci. 66, 2833-2841.
[6] F. Fotovat, J. Chaouki, 2015. Characterization of the upward motion of an object immersed in a bubbling fluidized bed of fine
particles, Chem. Eng. J. 280, 26-35.
• The mean rising velocity was
compared with 20% of the mean
bubble velocity using the Davidson
correlation [5, 6].
Mean rising and sinking velocity of the fuel particle.
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Circulation time






The circulation time of a fuel particle is the time
interval between the instant at which the fuel
particle sinks into the dense bed from the bed
surface and the instant at which the particle
returns to the bed surface.
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The simulations with the friction term are capable of reproducing the distribution
of the circulation time with very good accuracy.
Circulation time
The circulation time of a fuel particle is the time
interval between the instant at which the fuel
particle sinks into the dense bed from the bed
surface and the instant at which the particle
returns to the bed surface.
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Conclusions
• The motion of a fuel particle was simulated using a fully coupled hybrid-
model (TFM-DEM).
• A new friction term accounting the effect of the front and back walls of the
bed was introduced in the numerical model.
• The simulations with the friction term clearly improve the motion of a fuel
particle in the pseudo-2D bubbling fluidized bed, in particular:
 The location of the fuel particle at a certain height.
 The number of jumps needed by a fuel particle to reach the bed surface.
 The mean rising and sinking velocity of the fuel particle.
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Thank you for your attention
Simulation of fuel particles motion in a 2D fluidized bed using a 
hybrid-model considering wall friction
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Box plot
The statistical results are presented using box plots. In a box plot, the distribution of the data is
represented by several statistical parameters and outlying data: the median, the lower and the upper
quartiles (representing 25% and 75% respectively of the population), a confidence interval (the upper
limit is the upper quartile plus 1.5 times the inter-quartile range and lower limit is the lower quartile





Upper quartile : 75% 
of the population
Lower quartile: 25% 
of the population
Confidence
interval
